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L'ensemble d e s r g s u l t a t s correspond aux o b j e c t i f s q u i G t a i e n t f i x & 2 c e t t e
Gtude, commenc6e il y a q u a t r e a n s .
A b s t r a c t -A f t e r a s e t of experiments made a t speeds lower t h a n 3000 rpm, a 500 k W c r y o a l t e r n a t o r h a s been connected t o t h e 50 Hz e l e c t r i c a l network i n t h e EdF l a b o r a t o r y i n St-Denis. Permanent and t r a n s i e n t performanceshave been explored d u r i n g s e v e r a l h o u r s ; t h e machine working a s a n a l t e r n a t o r o r a condenser. S h o r t c i r c u i t s and c o u p l k g were performed w i t h o u t any problems showing t h e r e l i a b i l i t y of t h i s technique. These e x p e r i m e n t a l r e s u l t s a r e p r e s e n t e d . The superconducting d i p o l e worked up t o i t s maximum c u r r e n t . I n c a s e of t r a n s it i o n i n t h e normal s t a t e of t h e S.C d i p o l e under f a u l t c o n d i t i o n s , t h e recov e r y time i s l e s s t h a n 20 mn.
With t h e s e r e s u l t s , t h e g o a l s of t h i s experimental study, begun f o u r y e a r s ago i n t h e CNRS-CRTBT l a b o r a t o f y , have been a c h i e v e d .
I -INTRODUCTION
A 500 k W hypersynchronous d r i v e n c r y o a l t e r n a t o r h a s been d e s i g n e d and b u i l t i n t h e CNRS-CRTBT Laboratory-Grenoble. The f i r s t t e s t s , b o t h i n t h e hypersynchronous and c l a s s i c a l c o n f i g u r a t i o n , have been performed i n Grenoble, from 1977 t o 1979 121. Then, t h e machine moved t o S t DenisEdF L a b o r a t o t y t o complete f u r t h e r t e s t s . At t h e end of 1982, t h e e x p e r i m e n t a l study was achieved.
The consumption of l i q u i d h e l i u m i s a b o u t 25 l / h (under nominal c o n d i t i o n s ) and a 500 1 h e l i u m v e s s e l i s s u f f i c i e n t t o c o o l down and supply t h e experiment.
I1 -PREVIOUS TESTS AND 50 Hz OPERATION Steady s t a t e and t r a n s i e n t t e s t s (no l o a d , s h o r t c i r c u i t , r e s i s t i v e l o a d ) have been made i n Grenoble showing t h a t t h e
r e i s n o s i g n i f i c a n t advantage i n t h e hypersynchron o u s c o n f i g u r a t i o n 121. Connected t o a n a r t i f i c i a l network (500 kW Ward Leonard Group) t h e cryomachine h a s been e x t e n s i v e l y s t u d i e d a t speeds around 2000 rpm t o avoid meArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19841144 c h a n i c a l problems. The r e s u l t s of s y n c h r o n i z a t i o n and l o a d v a r i a t i o n t e s t s a r e r ep o r t e d i n r e f . 3 . I n o r d e r t o run a t 3000 rpm, t h e s e a l s a l l o w i n g t h e recovery of helium vapors a r e removed. Temperature and v i b r a t i o n l e v e l s r e v e a l a good comport--t a t 3000 rpm : t h e temperature of t h e b e a r i n g s r e m a i m l e s s t h a n 50°C and t h e v ib r a t i o n l e v e l i s l e s s than 15 pm (with a maximum of 40 pm a t 2500 rpm, showing a c r i t i c a l frequency a t t h i s s p e e d ) . The machine i s now d r i v e n w i t h an asynchronous motor f e d by t h e W.L. group. The o u t p u t i s connected t o t h e EdF network through a transformer a l l o w i n g d i f f e r e n t v o l t a g e s ( F i g . 1 ) .
-STEADY STATE OPERATION
Condenser t e s t s have been performed w i t h two o u t p u t v o l t a g e s (Fig. 2 ) . same r e a s o n s , t h e curves$t((IF~ a r e n e a r l y s t r a i g h t and show a s i g n i f i c a n t s l o p e , i nc r e a s i n g t h e s t a b i l i t y of t h e cyromachine under. l a g g i n g c o n d i t i o n s (Fig. 3 ) The major p a r t s of t h e t r a n s i e n t , t e s t s have been r e p o r t e d elsewhere / 3 / . Under sever e c o n d i t i o n s -such a s c o u p l i n g w i t h a phase d i f f e r e n c e n e a r i 7 -t h e superconducting d i p o l e q u e~c h e s . The recovery time i s l e s s than 20 mn. The machine i s a b l e t o oper a t e w i t h -% % 2T/s ; a f t e r a s h o r t c i r c u i t , t h e e v o l u t i o n of t h e c u r r e n t s a r e t h e
. D e s p i t e t h e bad s t a b i l i t y of t h e W-L group it was p o s s i b l e t o r e a l i z e some s t e a d y s t a t e t e s t s , t h e machine working a s a motor o r a g e n e r a t o r (Table I ) . TabLe I : S t e a d y -s t a t e o p e r a t i o n ( t h e t r a n s f o r m e r i s

Tsame a s t h g s e r e p o r t e d by some o t h e r a u t h o r s / 4 / ( f i g . 4 ) .
Some c o u p l i n g and sudden s h o r t c i r c u i t s have been made a t 50 Hz. Attempts of coup l i n g between t h e g r i d and t h e cryomachine have been made w i t h d i f f e r e n t v a l u e s of t h e o u t p u t v o l t a g e . Even w i t h a d i f f e r e n c e of 15 7, between t h e o u t p u t v o l t a g e and
t h e main v o l t a g e , t h e c o u p l i n g succeeded g i v i n g u s t h e preceeding r e s u l t s . The cryomachine h a s s u f f e r e d two sudden s h o r t c i r c u i t s ( p o i n t A i n F i g . 1 ) . The p r o t e c t i o n c i r c u i t s of t h e g r i d worked a s t h e c u r r e n t reached 620 A b u t no t r a n s i t i o n of t h e superconducting d i p o l e , e n e r g e t i z e d w i t h 65 A ( 1 / 3 of i t s nominal v a l u e ) , occured. The s e t of e x p e r i e n c e s made on t h i s c r y o a l t e r n a t o r , a t 50 Hz o r a t speeds lower than 3000 rprn,gives a proof o f t h e good comportment o f such a machine on a n indust r i a l g r i d . The e f f i c i e n c y of t h e s h i e l d s , e s p e c i a l l y d u r i n g t r a n s i e n t s and resync h r o n i z a t i o n o p e r a t i o n s i s f a i r l y good. R e a c t i v e power a b s o r p t i o n i s l i m i t e d by t h e n a t u r a l s t a b i l i t y f o r t h e c l a s s i c a l c o n f i g u r a t i o n , w h i l e i t is t h e s t a t o r c u r r e n t which governs t h i s l i m i t f p r t h e c r y o g e n i c c a s e . L i k e w i s e , f i e l d c u r r e n t l i m i t a t i o n i s governed by e x t e r n a l t h e r m a l c o n s i d e r a t i o n ( c o o l i n g system) i n t h e c l a s s i c a l machine and by t h e maximum c r i t i c a l v a l u e of t h e s u p e r c o n d u c t o r ( i n t r i n s e c p h y s i c a l l i m i t ) . c u i t a t t h e mains of t h e
